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Description 

Background and Summary of the Invention 

The present invention relates to a casting processe s 
according to the preamble of claim 1 • and more particu- 
larly to the provision of a high pressure die-casting proc- 
ess which produces extremely fine-grained, dense 
castings with integrity competitive with forging and other 
more expensive casting processes. In specific, the 10 
present invention may be referred to as an improved 
squeeze casting or squeeze die-casting process in 
which pressures as high as 690 - 1380 bar (12,000 to 
20,000 psi) or even higher are applied with the shot 
plunger or plunger to force metal into the die-casting is 
mold cavity. The process can be used to produce heat- 
treatable aluminum alloy coatings. 

Die-casting processes are very well known. The 
improved die-casting process of the present invention 
makes use of a novel combination of conventional die- 20 
casting process features and machines which are well 
known in the industry, but which need to be described in 
detail herein to provide the necessary background. To 
these well-known process features and machines, the 
present invention adds inventive control features and 2s 
process controls to get the markedly improved die cast 
metal results. It is believed that no one heretofore has 
provided such a novel combination of process features 
and process controls and that no one has heretofore 
achieved such good casting structural integrity using 30 
low cost, high speed and volume die-casting tech- 
niques, 

In conventional die casting, a metal mold system 
having at least two parts forms a mold cavity into which 
molten metal is forced by pressure action of a shot 35 
plunger to fill the cavity where the metal is solidified to 
take the shape of the cavity. The advantages of such die 
casting are well known, particularly as they relate to 
high volume production and low cost. The disadvan- 
tages of die casting are also well known in that conven- 40 
tional die cast parts are known to have structural 
limitations, high porosity, etc. Even the best die-casting 
processes, before the present invention, produced 
metal parts with some porosity and other structural 
integrity property problems. Aluminum alloy parts pro- 45 
duced by such processes are typically not suitable for 
heat treatment using high temperatures. 

In this specification, and in the appended claims, 
the following terms and their definitions shall apply 
unless specifically indicated otherwise: so 

Die Casting : A process involving the forcing of mol- 
ten metal from a shot sleeve into a mold cavity 
formed in and by metal dies to have the metal solid- 
ify in the cavity to take its shape. ss 
Squeeze Die Casting : A process of die casting 
involving the forcing of molten metal into the mold 
cavity under extremely high pressures in the range 



of about 690 to 1380 bar (10,000 to about 20,000 
psi) or even higher with the shot sleeve plunger 
which feeds the metal. This high pressure is applied 
while the metal is still molten at least in the metal 
feed gate which connects the cavity to the shot 
sleeve. 

Vacuum Die Casting : The process of drawing a vac- 
uum on the mold cavity and the passageways (run- 
ner system including the shot sleeve and transfer 
tube to the furnace) through which the molten metal 
is fed to remove air which might otherwise be 
trapped by the molten metal. 
Vacuum Ladling : The process of using the vacuum 
system which evacuates the cavity and the runner 
system also to draw the molten metal into the shot 
sleeve to be driven by the plunger which feeds the 
metal into the mold cavity. 

Small Feed Gates : The gates through which the 
molten metal is driven into the mold cavity are said 
to be small gates when they have a cross-sectional ( 
area less than about 0.2 in. 2 (1.29 cc), more typi- 
cally less than about 0.15 in. 2 (0.97 cc). For 
instance, small feed gates may be 1 in. (2.54 cm) 
wide and .060 in. (0.15 cm) to .125 in. (0.32 cm) tali, 
perhaps only .75 in. (1 .91 cm) wide or a gate which 
is circular in cross section with a diameter of about 
.125 in. (0.32 cm) to .175 in. (0.44 cm), in other 
words, gates typically used in conventional die cast- 
ing. 

Large Feed Gate : In contrast, a large feed gate is a 
gate which has a cross-sectional area greater than 
about 0.25 in. 2 (1 .61 cc); for example, it may be 1 in. 
(2.54 cm) wide and .60 in. (1 .52 cm) fall. 
Vacuum Gate : The very small gate through which 
the vacuum is drawn leading from the cavity. It typi- 
cally has a cross-sectional area of less than 0.1 in 2 
(0.65 cc) and may be, for instance, about .500 in. 
(1.27 cm) wide and about .030 in. (.08 cm) to . 060 
in. (0.15 cm) tall. ( 
Slow Gate Velocity : The flow of molten metal 
through a feed gate is said to be slow when the 
velocity is about 0.1 feet (0.03 m) per second up to 
about 20 (6.1 m) or 25 feet (7.6 m) per second. 
Hioh Gate Velocity : The velocity of the molten metal 
through the feed gate is said to be high when the 
velocity is in ranges from about 40 feet (12.2 m) per 
second to about 150 feet (45.7 m) per second or 
even higher. 

Shot Sleeve : The sleeve or cylinder into which the 
molten metal is drawn or vacuum ladled from the 
furnace to be driven by the shot plunger through the 
feed gate into the mold cavity. The shot sleeve is 
connected by a transfer tube to the molten metal in 
the furnace. In some cases, the shot sleeve is 
referred to as an "injection cylinder." 
Intensification Pins: The pins used to intensify the 
pressure on the molten metal in the mold cavity 
after the small feed gate into the cavity is frozen 
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(metal solidified) but before the thicker sections are 
frozen. The intensification pins are driven into the 
mold cavity space to apply extremely high localized 
pressures in the thicker sections penetrated by the 
pins. 

Gravity Casting : Is a casting process in which the 
molten metal is poured into mold cavities and 
includes lost foam casting, permanent mold cast- 
ing, sand casting, and lost wax casting processes. 
Certain aluminum alloys have been cast primarily in 
permanent mold casting in the past to produce high 
quality parts, but can now be die cast in accordance 
with the process of the present invention and sub- 
sequently heat treated with a high temperature. 
One such aluminum ailoy is a 390 aluminum alloy 
which has a high silicon content. 
Forging : Is a process using high heat and high 
impact blows to force a piece of metal into a partic- 
ular shape to produce a high quality part. Forging 
and gravity casting are discussed herein to provide 
a comparison basis with which the low cost, high 
volume die cast parts made in accordance with the 
present invention compete favorably. 
T-6 Heat Treating : Is a well-known heat treating 
process widely used to heat treat aluminum alloy 
castings made in the permanent mold casting proc- 
ess or forging processes. It is conventional thinking 
in the aluminum die casting industry that aluminum 
parts made by conventional die casting cannot be 
heat treated in accordance with T-6 heat treating 
processes. The process involves holding the parts 
at high - temperatures of 920°F (493°C) to 925°F 
(496°C) for long periods of time, typically up to 
about 12 hours, followed by a water quench and 
after 24 hours a second heat treatment at about 
350°F (177°C) for about 8 hours. It is believed that 
this T-6 heat treating process causes the copper 
and magnesium to go back into solution to make 
the microstructure harder and stronger and also to 
make the silicon particles less needle-like. The 
industry accepts that conventional die-casting parts 
cannot be heat treated with the T-6 heat treating 
process because of the porosity which will produce 
■ blisters. 

Cool Water Quench : Is a quenching process 
involved in the T-6 heat treating process which nor- 
mally uses water held at about 200°F (93°C). Cool 
water quenching involves quenching in water held 
at. for instance. 100°F (38°C) to 120°F (49°C) 
within a short period of time of, for instance. 10 sec- 
onds or so after the part is removed from the fur- 
nace where it is held at 920°F (493°C) to 925°F 
(496°C). 

VERTI-CAST Machines : Are the die cast machines 
known in the trade for their vertical orientation, par- 
ticularly an orientation In which the upper and lower 
molds are carried, respectively, on upper and lower 
platens to provide a plurality of mold cavities 



peripherally spaced about a vertical center axis 
with a vertically arranged shot sleeve and injection 
plunger for forcing the molten metal upwardly into 
the concentrically arranged mold cavities. 

5 Hioh Temperature Metal : Is metal held in a die-cast- 

ing furnace at a temperature well above theterriper- 
ature at which the metal starts to solidify, perhaps 
as much as 200° (93°C) or more above that temper- 
ature, and injected into the moid cavity at the high 

10 temperature. For example, 390 aluminum alloy has 
a freezing point of 945°F (507°C), and it begins to 
solidify at 1200°F (649°C). Thus, high temperature 
390 aluminum alloy would be held at a temperature 
of about 1400°F (760°C) or above. 

15 Low Temperature Metal : Is metal held in a die-cast- 
ing furnace at temperatures not more than about 
100°F (38°C) above the temperature at which the 
metal starts to solidify, and typically not more than 
about 15°F (-9°C) to about 50°F (10°C), above the 

20 temperature at which the metal starts to solidify, 
and injected into the mold cavity at the low temper- 
ature. The temperature difference between the 
freezing point of a metal and the point at which the 
metal starts to solidify is dependent on metal alloy 
•25 composition. Generally it ranges from as little as 
about 15°F(-9°C) uptoabout250°F (121°C) in alu- 
minum alloys. 

It is known to accomplish squeeze die casting of 

30 aluminum alloy using large metal feed gates, slow gate 
velocities, high temperatures and squeeze pressures by 
.. the shot plunger in the range of 690 - 1380 bar (10,000 
to 20,000 psi) on the metal. These squeeze die castings 
are reported to use molten metal at a high temperature, 

35 for example, in the range of 1460°F (793°C), low gate 
velocities with the large metal feed gates. The metal 
being injected at 1460°F (793°C), which is approxi- 
mately 200°F (93°C) above the point at which the metal 
begins to solidify, takes much longer to chill and the 

40 squeeze pressure is applied over a much longer period 
of time because, generally speaking, the metal in the 
large feed gate is typically the last section on the whole 
casting to freeze. The squeeze pressure pushes molten 
metal into the cavity as the metal cools and shrinks. 

45 One problem is that the high temperature of 1460°F 
(793°C) requires exceptionally long chilling periods and 
consequent slower production rates. The high tempera- 
ture metal also wears the molds. 

In squeeze die casting in accordance with the 

so present invention, the metal is injected at a low metal 
temperature - about 1260°F (682°C) or, perhaps, 
1270°F (688°C) ± 20°F (-7°C) for a 390 alloy aluminum. 
The molten metal is vacuum ladled from the center of 
the mass of mofteh metal quickly into the shot sleeve 

55 and very quickly driven at high pressure through the 
small feed gates into the mold cavity. Because the com- 
bination of low metal temperature and small feed gates 
results in faster feed gate freezing, the squeeze pres- 
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sure is applied over a very short period of time. 

There are many examples in the prior art of conven- 
tional die-casting processes which have included some 
or even most of the process steps, features and controls 
of the present invention. For example, it is known to 
have conventional die casting with vacuum evacuation, 
vacuum ladling, small feed gates, small vacuum gates 
and high gate velocities without the squeeze pressures 
of, for instance, 690 - 1380 bar (10,t>00 to 20,000 psi). It 
is known that some Japanese die casters use such con- 
ventional die-casting processes, even involving 
squeeze die casting high pressures on the shot plunger, 
with small feed gates and high gate velocities, but with- 
out using vacuum evacuation and vacuum ladling which 
is a prominent feature of the combination of steps of the 
present invention. Such conventional die casting in 
Japan, even using squeeze die-casting plunger pres- 
sures, have been reported not to be heat treatable in 
accordance with the T-6 heat treating processes. In fact, 
in order to accomplish T-6 heat treating, the Japanese 
die casters reported having to switch to the above- 
described squeeze die-casting process involving use of 
large metal feed gates, relatively slow gate velocities, 
extremely high temperatures and squeeze pressures by 
the shot plunger. 

While many or even most of the process steps and 
features of the present invention are known in the die 
cast industry and, in fact, widely used, no one hereto- 
fore has used the claimed combination of process steps 
and features of the present invention to obtain such 
remarkably good results in a die-casting machine envi- 
. „ronment using low temperature, metal for the molten 
metal which is ideally suited for high volume production. 
Die cast parts made in accordance with the present 
invention have been compared, for instance, to similar 
parts made by forging, and found to be remarkably 
superior to the forged parts in deformation characteris- 
tics. While the squeeze die cast parts produced in 
accordance with the die cast process of the present 
invention are significantly improved, it has been found 
that they can be even more significantly improved using 
the T-6 heat treating process which conventional knowl- 
edge says is not applicable to die cast aluminum parts. 

The squeeze die-casting process of the present 
invention may preferably be carried out on what is 
known in the trade as a VERTI-CAST machine to be 
described hereinafter. However, it is believed that the 
process can be carried out with equal efficiency on hor- 
izontal casting machines that have been modified for 
vacuum die evacuation ladling. In vertical casting 
machines, modified in accordance with the present 
invention, low temperature metal is drawn by vacuum 
(vacuum ladled) from the adjacent furnace through the 
transfer sleeve into the vertically extending shot sleeve 
to be driven by the vertically upwardly driven plunger to 
feed the mold cavities through the metal feed gates and 
runner system arranged concentrically about the center 
of the shot sleeve. The low temperature metal is driven 



under pressure applied by the plunger at high velocity 
through a small feed gate into the evacuated mold cavi- 
ties. After the mold cavities are filled, the plunger is 
used to apply high pressure to the metal as it begins to 

5 freeze in the moid cavities. The low temperature metal 
freezes relatively quickly in the small feed gate. 

Consistent metal alloy composition is important to 
optimum performance of the present process, just as it 
is with other casting processes known in the art. Prefer- 
10 ably the molten metal in the furnace is cleaned and 
degassed using well-known industry techniques and the 
metal temperature is carefully controlled as indicated 
above. The objective is to have very clean and gas free 
metal of consistent alloy composition. 

is In accordance with the present invention, the entire 
process of drawing a vacuum on the mold cavities, the 
feed gate and runner system, the shot sleeve and the 
transfer tube to suck the molten metal upwardly through 
the transfer tube into the shot sleeve, the actuation of 

20 the plunger to drive the molten metal upwardly into the ( 
mold cavities, and the application of the high pressure 
or squeeze pressure by the plunger and to permit the 
metal to solidify during a dwell time before the die opens 
and the part is ejected onto a shuttle tray takes a very 

25 short period of time in accordance with the present 
invention. For instance, the vacuum ladling step may 
have an effective duration of approximately 1 .6 seconds 
in a typical operation in accordance with the present 
invention while the shot time or the time it takes for the 

30 plunger to drive the molten metal from the shot sleeve 
into the mold cavities may take only 0.5 seconds dura- 
. Jon in . a typical application jn accordance with the 
present invention. The squeeze pressure may occur, for 
instance, only 0.003 seconds before the shot is com- 

35 pleted or the mold cavities are filled, and the squeeze 
pressure may take place over the dwell time, for 
instance, of 10 seconds. It will be seen that, in a typical 
application in accordance with the present invention, 
the molten metal may be ladled upwardly by the vacuum ^ 

40 and shot into the mold cavities in about 2.0 to 2.3 sec- 
onds, which is extremely fast. Of course, the squeeze 
pressure can be released after metal freezes in the 
small feed gate. 

As this description progresses, it will be appreci- 

45 ated that the squeeze die-casting process of the 
present invention is carried out at the relatively low tem- 
peratures normally associated with conventional die 
casting and not at the high temperatures normally asso- 
ciated with squeeze casting. Since the molten metal is 

so maintained in the furnace in accordance with the 
present invention at a point just above the point where 
solidification will begin, the rapid vacuum ladling and 
rapid plunger injection of the molten metal into the mold 
cavities is required to fill the mold cavities with still mol- 

55 ten metal which can be acted upon by the squeeze 
pressures applied by the plunger as the metal solidifies. 
Of course, when the metal solidifies and closes or 
freezes the metal feed gates, further plunger pressure, 
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no matter how high it is, will have no effect on the metal 
in the mold cavities. It should also be noted that when 
the molten metal first enters the mold cavities, it will 
begin to exit through the above-described vacuum 
gates which are quite small and exit out into the vacuum 
runner where the metal will quickly be solidified to block 
further exit of the metal through the vacuum gate. 

thus, in accordance with the present invention, in 
about 2 seconds or even less in some cases, the 
desired amount of molten metal is vacuum ladled or 
drawn from the center of the melt of the furnace, 
through the transfer tube, and into the shot sleeve 
where the first movement upwardly of the shot plunger 
shuts off the metal flow from the transfer tube, control- 
ling the amount of metal ladled. The upward movement 
of the plunger, which may take place over about 0.5 sec- 
onds, pushes the low temperature metal into air and 
gas-free mold cavities* to quickly fill the cavities, and 
then high squeeze pressure is immediately brought to 
bear on the freezing metal. It will be appreciated that, in 
accordance with the present invention, all of the various 
actions of the die cast machine may be controlled by 
dwell timers of conventional variety to cause the proc- 
ess steps to occur in a rapid and timely, manner. For 
instance, the shot speed or speed of the drive plunger 
may be, for instance, 5 feet (1.52 m) per second to 
obtain a gate feed velocity of 100 feet (30.5 m) per sec- 
ond with a mold cavity fill time of less than about 0.5 
second, for example, about 0.15 second. 

It is an object of the present invention, therefore, to 
provide a process for casting aluminum alloy metal in a 
die-casting apparatus as laid out in claim 1 of the type 
comprising at least a pair of dies forming at least one 
cavity therebetween having a vacuum gate and a metal 
feed gate and a runner communicating with the metal 
feed gate for delivery of molten metal into the cavity, a 
source of molten metal, a charge sleeve or shot sleeve 
communicating with said runner for receiving molten 
metal from the source and directing it through the run- 
ner to the feed gate into the cavity, the feed gate control- 
ling the flow of metal from the runner into the cavity, a 
plunger reciprocally disposed in the sleeve and means 
for applying pressure to the plunger to force the molten 
metal under pressure through the runner and metal feed 
gate into the cavity, and a vacuum source and means for 
connecting the vacuum source to the vacuum gate, cav- 
ity, runner and shot sleeve to remove gases therefrom 
and to ladle or draw the molten metal from its source 
into the sleeve in a position to be driven by the plunger. 
In this equipment just described, the process of the 
present invention comprises the steps of controlling the 
plunger as it drives molten metal through the metal feed 
gate to control the gate velocity into the cavity initially to 
fill the cavity, dimensioning the metal feed gate to pro- 
vide a high velocity feed from about 40 feet (12.2 m) per 
second to about 150 feet (45.7 m) per second into the 
mold cavity during the initial cavity filling step, and just 
before, or just as, the cavity is filled, increasing the pres- 



sure on the metal up to about 690 - 1380 bar (10,000 to 
20,000 psi) using the shot plunger to force additional 
molten metal through the feed gate during the pressure 
increasing step and during the very rapid freezing of the 

5 low temperature metal in the mold cavity. The metal in 
the gate solidifies after the pressure increasing step, but 
preferably not before the substantial freezing of the 
metal in the cavity. 

Another object of the present invention is to provide 

10 such a process for die casting heat treatable aluminum 
alloy and subsequently subjecting the die cast part to 
heat treating in accordance with T-6 heat treatment pro- 
cedures. It has been found that a squeeze die cast part 
made in accordance with the process of the present 

is invention and heat treated in accordance with T-6 heat 
treating processes will take a 390 aluminum alloy from 
its known conventional yield strength of 35,000 psi to a 
remarkably high 51 ,000 psi. In a specific comparison 
test, a normal 390 aluminum alloy ASTM test bar has a 

20 standard 35,000 psi yield strength. A similar die cast 
ASTM test bar made in accordance with the squeeze 
die-casting process of the present invention and sub- 
jected to T-6 heat treating produced such remarkably 
good yield strength results. As indicated above, the 

25 industry has not been able to heat treat aluminum die 
cast aluminum parts in accordance with T-6 heat treat- 
ing processes before the present invention. 

It is, therefore, still another object of the present 
invention to provide a novel combination of process 

30 steps for making a squeeze die cast part from heat 
treatable aluminum alloy and then to heat treat that alu- 
minum part in accordance with T-6 heat treating process 
steps. 

While such improved castings may possibly be fur- 
35 ther improved with intensification pins or squeeze pins 
as they are known, such remarkably good results are 
being obtained with the process of the present inven- 
tion, and the intensification pins may not be required in 
some cases. 

40 A further object of the present invention is to pro- 
vide such process steps in a rapid and timely manner 
using relatively cool, for squeeze die cast temperatures, 
molten metal which quickly solidifies after it is injected 
into the mold. 

45 Other objects and features of the present invention 
' will become apparent as this description progresses. 

Brief Description of the Drawings 

so The detailed description particularly refers to the 
accompanying figures in which: 

Fig. 1 is a sectional view of a VERTI-CAST machine 
arranged in accordance with the present invention 
55 showing the holding furnace next to the machine, 
and also showing the status of the machine when 
the upper platen is in its lower position against the 
lower, stationary platen to start the die cast proc- 
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ess; 

Fig. 2 is a sectional view similar to Fig. 1 and show- 
ing what happens during the vacuum application 
and vacuum ladling phase of the process, particu- 
larly the drawing of the molten metal upwardly into s 
the shot sleeve through the transfer tube; 
Fig. 3 is a sectional view similar to Fig. 1 showing 
the movement of the plunger upwardly to drive the 
molten metal into the mold cavity; 
Fig. 3a shows a typical feed gate cross section; 10 
Fig. 3b Shows a typical vacuum gate cross section; 
Fig. 4 shows a sectional view similar to Fig. 1 with 
the upper platen in its upper position to open the die 
where the plunger also moves upwardly to push the 
casting from the cavity mold; and ' is 
Fig. 5 is a casting cycle time line chart showing the 
time sequence and duration of the above-described 
process steps. 

Referring specifically to Fig. 1, it Will be seen that 20 
the VERTI-CAST machine 10 comprises a lower, sta- 
tionary platen 12 below a vertically movable platen 14 
with a set of die parts 1 6 disposed between the platens. 
The die parts 16, in many respects, are conventional 
and comprise a cover die half 18 on the stationary 25 
platen 1 2, an ejector die half 20 attached to the movable 
platen 14 with cavity blocks 22 carried by the die halves 
18, 20 in a known and conventional manner to define at 
least one mold cavity 24. It is this at least one mold cav- 
ity 24 into which low temperature metal 26 from the fur- 30 
nace 28 is to be injected by the shot plunger 30 
operable in the shot sleeve [ 32 and ^driven by a hydraulic 
cylinder 34 capable of maintaining a high pressure on 
the low temperature metal 26 as it is injected into the 
mold and further capable of applying a higher pressure 35 
on the metal in the filled mold cavity. The shot sleeve 32 
is connected by a transfer tube 40 to a point 42 well 
down into the mass of molten aluminum in the furnace 
28. 

Fig. 1 also illustrates an intensification cylinder 50 40 
for driving an intensification pin 52 into the mold cavity 
24 for reasons discussed hereinabove. Depending upon 
the size of the mold cavity, one or more intensification 
pins may be driven into the mass of molten metal at 
extremely, high pressures after the metal feed gate is 4s 
frozen further to intensify the pressure on the metal as it 
solidifies at locations surrounding the protruding intensi- 
fication pin. Fig. 1 also shows a vacuum port line 60 
connected to the mold cavity 24 through the die halves, 
18. 20 in conventional fashion so that the cavity 24, the so 
shot sleeve 32 and the transfer tube 40 may be evacu- 
ated. When this happens, the atmospheric pressure 
acting on the mass of molten metal 26 in the furnace 28 
will drive the molten metal upwardly through the transfer 
tube 40 into the shot sleeve 32 as best seen in Fig. 2. 55 
Particularly, evacuation of air and gases from the sleeve 
32, runner system 62 and mold cavity 24 is started by a 
pressure switch indicating that the seal is effective or 



that, in fact, the die halves 18, 20 are fully closed to pro- 
vide a seal. This suction action of the vacuum creates a 
vacuum in the mold cavity 24, runner system 62 (Fig. 2) 
aind shot sleeve 32 to draw the molten aluminum into 
. the sleeve via the transfer tube 40 in about 1 -3 seconds. 
As indicated above, these steps may be timer control-^ 
led. 

It will be appreciated, as this description 
progresses, that the action of the plunger 30 in moving 
the molten metal upwardly through the runner system 
62 into the mold cavity 24 must occur rather rapidly 
because the suction action will actually start drawing the 
molten metal upwardly into the cavity where the metal 
will begin to solidify. In other words, the vacuum ladling 
activity must be very quickly followed by the shot 
plunger 30 movement upwardly in the shot sleeve 32 
because the molten metal will begin to solidify as soon 
as it leaves the furnace 28. 

Turning to Fig. 3, it will be seen that the first move- / 
ment upwardly of the plunger 30 shuts off the metal flow \ 
from the transfer tube 40, controlling the amount of 
metal ladled into the sleeve 32. Ideal gate size and 
metal velocity through the gate are determined through 
various quality studies. Vacuum is shut off by the vac- 
uum shut-off cylinder 70 driving shut-off pin 72 or by use 
of a chill block (not shown) in the vacuum runner. The 
vacuum valve cylinder 70 may be dosed shortly before 
the die opens. It will be appreciated that the action of the 
shot plunger 30, which is rather quick in starting after 
the ladling and rather rapid, drives the low temperature 
metal through the runner system 62 into the mold cavity 
24 o ut through the vacuum gate into the vacuum runner 
formed by the die halves 18, 20. When that stream of 
molten metal reaches the shut-off pin 72 or the chill 
block, the vacuum is terminated by the freezing metal. 

Figs. 3a and 3b illustrate typical metal feed gates 
and vacuum gates, respectively, for use in accordance 
with the present invention with the metal feed gate hav- 
ing, for instance, a height of .060 in. (0.15 cm) and a 
width (into the paper) of, perhaps, .75 in. (1 .91 cm) or 
even .100 in. (.25 cm). Fig. 3a, therefore, illustrates a 
small metal feed gate. Fig. 3b illustrates an even smaller 
vacuum gate with a thickness or height of .045 in. (0.1 1 
cm) and a width (into the paper) of, perhaps, .750 in. 
(1.91 cm) to .100 in. (.25 cm). In die casting, a metal 
feed gate or a vacuum gate are relatively small open- 
ings from runner system 62 directly into the mold cavity 
24. Preferably the gate land (dimension D) is about 
0.030 in. (.08 cm). While the runner system 62 may pro- 
vide substantial width, it has been found that reducing 
the runner system in size to define a small metal feed 
gate is very attractive for several reasons. Not only does 
it provide the relatively high metal feed gate velocity 
which is attractive in accordance with the present inven- 
tion, but it also provides a relatively small and frail gate 
section which needs to be broken or cut away from the 
cast part. 

It is believed that, in accordance with the present 
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invention, -the molten metal under the plunger-applied 
pressure moves through the feed gate at such high 
velocity that the molten metal actually sprays into the 
mold cavity 24 to fill the cavity. This spraying action into 
the vacuum evacuated cavity 24 is believed to contrib- 
ute to the good structural integrity and lack of porosity 
produced by the present invention. 

In Fig. 4, the upper platen 14 is raised to open the 
die (vertically separate the ejector die half 20 from the 
cover die half 18) to expose the cavity 24 and the metal 
casting therein. The plunger 30 is shown moved to its 
uppermost position which pushes the solidified casting 
upwardly so that it can be taken off the press. The proc- 
ess can then be reinitiated to move the various compo- 
nents back to the position shown in Fig. 1 . 

Fig. 5 shows a Casting Cycle Time Line to illustrate 
how fast the inventive process of the present invention 
takes place. The chart shows the various functions 
which occur to the left beside the vertical axis with the 
various steps listed in the order in which they occur. The 
first step, referred to as FREE FALL is the lowering of 
the platen 14 to its position which closes the die set 16 
for LOCK UP step indicated. In a typical system, FREE 
FALL may take 1.6 seconds while LOCK UP may take 
1.5 seconds. Thus, after 3.1 seconds, with the system 
sealed, the VACUUM LADLE step can begin and take 
place over a duration of 1 .6 seconds to bring the total 
cycle time to 4.7 seconds. The vacuum will remain on, 
as indicated in the chart, until it is shut off as discussed 
above. The SHOT step will typically be initiated, for 
example, very quickly over a period of .5 seconds to 
provide a cycle time at that point, when the cavity 24 is 
filled, of. 5.2 seconds. The INTENSIFIER step may then 
be initiated, for example, within .003 seconds of the 
completion of the SHOT step, and the squeeze pres- 
sure may be held by plunger for a considerable period of 
time as shown by the chart, for instance, to the end of 
the DWELL time. The INTENSIFIER step should be ini- 
tiated just as the shot stroke is completed so that the 
flow of metal through the gate is not interrupted. 

The DWELL time of 10 seconds is the time over 
which the molten metal solidifies to the point H can be 
sufficiently rigid to be removed from the cavity 24. 
Thereafter, other steps such as DECOMPRESSION, 
DIE OPEN, UNLOADER IN, EJECT, UNLOADER OUT, 
and SPRAY may typically take the times shown. While 
all of the steps from DECOMPRESSION through 
SPRAY are typical steps not necessarily involved in the 
process of the present invention, they do show how 
quickly a die cast system can be cycled to start another 
cycle of casting molten metal. It will be appreciated that 
the DWELL of 10 seconds would need to be substan- 
tially increased if the molten metal were injected at tem- 
peratures considerably higher, for instance, the 
temperature of high temperature metal. 

It has been found that squeeze die cast parts made 
in accordance with the present invention and on the 
machinery described above with the cycle times shown 



in Fig. 5 and with the small feed gates, high gate veloc- 
ities, low temperature metal, vacuum ladling and high 
squeeze pressures will produce die cast parts having 
remarkably improved structural integrity and porosity 

5 characteristics. These parts, when cast from a heat 
treatable aluminum alloy having a freezing point of 
about 945°F (507°C) to about 1200°F (649°C), such as 
a 390 aluminum alloy, can then be further improved by 
heat treating in accordance with T-6 heat treating proc- 

10 ess discussed above, particularly with the cool water 
quench which takes place quickly for instance within 
about 10 seconds or a similar short time which will not 
permit significant cooling after the long soaking at the 
high temperature involved in T-6 heat treating for the 

15 required period of time. 

It has been found that increasing the feed gate 
velocity is quite important to producing castings having 
good structural integrity and good porosity characteris- 
tics. Essentially, with a given shot plunger 30 size and 

20 pressure and stroke speed, it has been found that mak- 
ing the feed gates smaller to increase the metal flow 
velocity through the gate improves the casting's charac- 
teristics. In fact, it has been found that, using the proc- 
ess features and steps of the present invention, the 

25 castings are not getting the usual shrinkage, even in the 
thick casting sections away from the feed gate, found in 
conventional die cast parts. This unexpected and bene- 
ficial result, which may eliminate the need for the high 
maintenance intensification pins 52 for the thick see- 
so tions away from the feed gate, is believed to derive from 
the unique combination of process steps, and particu- 
larly the evacuated die cavity which is accomplished in 
the vacuum ladling, the use of low metal temperature, 
the high gate velocity which is believed to create the 

36 aforementioned metal spray into the cavity and the very 
quick and fast action at providing the high squeeze 
pressures. 

The novel combination of steps of the present 
invention works well with certain hypereutectic metal . 

40 alloys such as a 390 aluminum alloy. Essentially, a 
hypereutectic aluminum alloy is an alloy which will hold 
its eutectic state longer, i.e., the state at which the metal 
is at the same temperature in both its liquid and solid 
state. At this eutectic state, when the metal is, perhaps, 

45 at or even just below the point at which it begins to solid- 
ify, the squeeze pressure provided by the plunger 30 
adds even more pressure on the metal in the cavity after 
the metal normally should be freezing. 

It is believed that the process of the present inven- 

so tion should improve the characteristics of most heat 
treatable aluminum alloys. While a 390 aluminum alloy 
has been discussed herein, it will be appreciated that 
there are other aluminum alloys which have similar 
characteristics. The 390 aluminum alloy, which is nor- 

55 mally heat treated after permanent mold casting or after 
forging, can now be squeeze die cast in a high volume, 
low cost apparatus and then heat treated in accordance 
with T-6 heat processes. 
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Other alloys, such as a 356 aluminum alloy can 
similarly be improved by die casting in accordance with 
the present invention and then further improved by heat 
treating by the T-6 process. It has been found that a 356 
aluminum alloy, which has been permanent mold cast 5 
and then heat treated in accordance with the T-6 heat 
treating procedures will have a given yield strength well 
known in the trade. It has also been found that a 356 
aluminum alloy cast in accordance with the die-casting 
process of the present invention .will have even greater 10 
strength than the permanent mold cast part with the T-6 
heat treating. Then, heat treating the squeeze die cast 
pari cast in accordance with the present invention with 
the T-6 heat treating process produced even greater 
strength results. 1S 

Claims 

1. A process for manufacture of molded metal cast- 
ings in a die-casting apparatus (10) of the type 20 
comprising 

at least a pair of dies (16) forming at least one 
cavity (24) therebetween having a vacuum gate 
and a metal feed gate and a runner communi- 25 
catirig with the metal feed gate for delivery of 
molten metal (26) into the cavity, 

a source (28) of molten metal (26), 

30 

a charge sleeve (32) communicating with said 
molten metal source (28) and said runner for 
receiving molten metal (26) from said source 
(28) and directing it through the runner to said 
feed gate into said cavity (24), said feed gate 35 
controlling the flow of metal (26) from said run- 
ner into said cavity (24), 

a plunger (30) reciprocally disposed in said 
sleeve (32) and means for applying pressure to 40 
said plunger (30) to force the molten metal (26) 
under pressure through said runner and metal 
feed gate into said cavity (24), 

a vacuum source (60) communicating with said 45 
vacuum gate, cavity (24) feed gate, runner and 
sleeve (32) to remove gases therefrom and 
with sufficient suction quickly to draw the mol- 
ten metal (26) from its source (28) into said 
sleeve (32) in a position to be driven by said so 
plunger (30), the process comprising the steps 
of 

drawing the vacuum to ladle the molten 
metal (26) into said sleeve (32) in an 55 
amount of time to prevent any appreciable 
solidifying of the molten metal (26), 



immediately actuating said plunger (30) as 
soon as a molten metal charge is ladled 
into said sleeve (32) to drive molten metal 
(26) through said metal feed gate to control 
the gate velocity into the cavity (24) to fill 
said cavity and removing the resulting 
casting from the cavity after allowing the 
pressurized metal in the cavity to solidify, 
characterised in that the process com- 
prises initially filling the cavity (24) and 
thereafter increasing said pressure on said 
plunger (30) from about 690 bar to about 
1380 bar (10,000 to about 20,000 psi) on 
the molten metal (26) to force additional 
molten metal through said feed gate, con- 
trolling the temperature of the molten metal 
(26) at less than about (1 00°F) 38°C above 
the temperature at which the metal begins 
to solidify, and 

selecting the metal feed gate to have a 
cross-sectional area such that with the 
plunger actuation molten metal (26) is fed 
at a velocity of about 40 (12.2 m) to about 
150 feet (45.7 m) /second into said cavity 
(24) during the cavity filling step and such 
that molten metal (26) flows through said 
feed gate during the pressure increasing 
step. 

2. the process of claim 1 , characterised by the step of 
jieat _fr©at[ng ._the_meted casting to improve the 

mechanical properties of the casting. 

3. The process of claim 1, characterised in that the 
die-casting apparatus (10) is a vertical die-casting 
machine. 

4. The process of claim 1, wherein the feed gate is 
dimensioned to have a cross-sectional area of less 
than about 0.2 in. 2 (1 .29 cc). 

PatentensptrOche 

H . Verfahren zur Herstellung geformter MetallgQsse in 
einer DruckguBvorrichtung (10) eines Typs, beste- 
hendaus: 

wenigstens einem Paar Matrizen (16), die 
wenigstens einen Hohlraum (24) zwischen sich 
bilden, der einen Vakuumkanal und einen 
MetalleinguGkanal und einen Hauptkanal 
besitzt, welcher rn'rt dem MetalleinguBkanal zur 
Lieferung eines geschmolzenen Metalls (26) in 
den Hohlraum kommuniziert, einer Quelle (28) 
for geschmolzenes Metall (26), 
einer BeschickungshQIse (32), die mit der 
Quelle (28) fQr geschmolzenes Metall und dem 
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Hauptkanal zur Aufnahme von geschmolze- 
nem Metall (26) aus der Quelle (28) und zu 
dessen FQhrung durch den Hauptkanal zu dem 
MetalleinguBkanal in dem Hohlraum (24), 
wobei der EinguBkanal die Strdmung des 5 
Metalls (26) von dem Hauptkanal in dem Hohl- 
raum (24) steuert, 

einem Kblben (30), der hin und her bewegbar 
in der HQIse (32) angeordnet ist und einer Ein- 
richtung zum Aufbringen von Druck auf den io 
Kblben (30) fOr das Hindurchpressen des 
geschmolzenen Metalls (26) durch den Haupt- 
kanal und den EinguBkanal in den Hohiraum 
(24), 

einer Vakuumquelle (60), die mit dem Vakuum- is 
kanal, dem Hohlraum (24), dem MetalleinguB- 
kanal, dem Hauptkanal und der HQIse (32) zur 
Entfernung von Gasen aus dies en und mit aus- 
, reichendemSogfurdasschnelle Abziehendes 

v ' geschmolzenen Metalls (26) aus dessen 20 

Quelle (28) in die HQIse (32) in einer Stellung 
zum Antrieb durch den Kolben (30) kommuni- 
ziert, 

wobei zu dem Verfahren die Verfahrens- 2s 
schritte gehfiren: Abziehen des Vakuums 
zum Beschicken des gescholzenen 
Metalls (26) in die HQIse (32) in einer Zeit- 
dauer zur Vermeidung jedes nennenswer- 
ten Verfestigens des geschmolzenen 30 
Metalls (26), 

unmrttelbares Betatigen des Kolbens (30), 

sobald eine Charge geschmolzenen 
Metalls in die HQIse (32) beschickt worden 
ist, fur das DrQcken des geschmolzenen 35 
Metalls (26) durch den MetalleinguBkanal 
zur Steuerung der Kanalgeschwindigkeit in 
den Hohlraum (24) zum Fallen des Hohl- 
( } raums und Entfernen des resuttierenden 

GuBstGcks aus dem Hohlraum, nachdem 40 
das unter Druck befindliche Metall in dem 
Hohlraum sich verfestigen konnte, 
dadurch gekennzeichnet, 
daB zu dem Verfahren das anfdngliche 
Fullen des Hohlraums (24) und danach 45 
das ErhOhen des Kblbendrucks (30) von 
etwa 690 bar auf etwa 1380 bar (10,000 
bis etwa 20,000 psi) auf das geschmol- 
zene Metall (26) fGr das DrQcken von 
zusdtzlichem geschmolzenem Metall so 
durch den EinguBkanal, das Steuern der 
Temperatur des geschmolzenen Metalls 
(26) bei weniger als etwa 38°C (100°C) 
oberhalb der Temperatur, bei der das 
Metall sich zu verfestigen beginnt, und das ss 
Auswdhlen der QuerschnrttsflSche des 
MetalleinguBkanals in der Weise gehdren, 
daB bei der Kblbenbetatigung geschmol- 



zenes Metall (26) mit einer Geschwindig- 
keit von etwa 1 2,2 bis etwa 45,7 
m/Sekunde (40 - 150 FuB/Sekunde) in den 
Hohlraum (24) wdhrend des HohlraumfQII- 
schrittes und in der Weise zugefOhrt wird, 
daB das geschmolzene Metall (26) durch 
den ZufQhrkanal wahrend des Druckerhd- 
hungsschrittes strCmt. 

2. Verfahren nach Anspruch 1 , 
gekennzeichnet durch den Verfahrensschritt, daB 
das MetallgieBen unter Warmebehandlung zur Ver- 
besserung der mechanischen Eigenschaften des 
Gu BstQcks durchgefQhrt wird. 

3. Verfahren nach Anspruch 1, 
dadurch gekennzeichnet, 

daB die DruckguBvorrichtung (10) eine Vertikal- 
druckguBmaschine ist. 

4. Verfahren nach Anspruch 1 , 

bei dem der EinguBkanal auf eine QuerschnrttsflS- 
che von weniger als etwa 1,29 cm 3 (0,2 Inch 2 ) 
dimensioniert wird. 

Revendications 

1. Proc6d6 pour fabriquer des pieces coulees en 
m6tai mouli dans un appareil de coulee sous pres- 
sion (10) du type qui comprend 

aii moins une paire de matrices (16) formant 
entre elles au moins une empreinte (24) pr6- 
sentant une entr§e de vide et une entree d'ali- 
mentation en m6tal, et un canal qui 
communique avec I'entr6e d'alimentation en 
m§tal pour d^biter du m6tal fondu (26) dans 
Tertpreinte, 

une source (28) de m§tal fondu (26), 
une douille de charge (32) qui communique 
avec iadite source (28) et avec ledit canal pour 
recevoir du m§ta! fondu (26) en provenance de 
la source (28) et ie diriger, k travers le canal, 
juaqu'^ Iadite entree d'alimentation pour I'intro- 
duire dans Iadite empreinte (24), Iadite entree 
d'alimentation commandant le d€bit du m&al 
(26) dudit canal vers Iadite empreinte (24), 
un piston (30) dispos6 mobile en mouvement 
alternatif dans Iadite douille (32) et des moyens 
pour appliquer une pression audit piston (30) 
pour forcer le m6tal fondu (26) sous pression 
dans Iadite empreinte (24) k travers led'rt canal 
et I'entr6e d'alimentation en m6tal, 
une source de vide (60) qui communique avec 
Iadite entr6e de vide, I'entr6e d'alimentation de 
('empreinte (24), le canal et la douille (32) pour 
en §vacuer les gaz avec une aspiration suffi- 
sante pour a^irer rapidement le m6tal fondu 
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(26) de sa source (28) dans ladite douiile (32) carr6). 
dans une position ou il est apte k etre entra?n6 
par ledit piston (30) , le proc 6d£ compr enant les 
etapes consistant k 

5 

faire le vide pour introduire le metal fondu 

(26) dans ladite douiile (32) en un temps 

approprie pour £viter toute solidification ' 

appreciable du metal fondu (26), 

actionner immediatement ledit piston (30) 10 

d£s que la charge de metal fondu est intro- 

duite dans ladite douiile (32) pour entratner 

le metal fondu (26) k travers ladite entree 

d'alimentation en m6tal pour commander 

la vitesse de passage dans I'entr6e pour is 

entrer dans I'empreinte (24) pour remplir 

ladite empreinte et extraire la piece coulee 

resultante de I'empreinte apr§s avoir laiss& 

le metal sous pression contenu dans f Y 

I'empreinte se solidrfier, caract6ris6 en ce 20 V > 

que le proc6d6 comprend les etapes con- 
sistant k remplir initialement I'empreinte 
(24) et k accroTtre ensuite ladite pression 
exerc6e sur ledit piston (30) en la portant 
d'environ 690 bar k environ 1380 bar 2s 
(10000 k environ 20000 psi) sur le metal 
fondu (26) pour forcer une quantity addi- 
tionnelle de metal fondu k travers ladite 
entree d'alimentation, commander la tem- 
perature du metal fondu (26) k une valeur 30 
sup£rieure de moins d'environ 38°C 

„ (10_Q°.F) A Ja temperature k laquelle le 

metal commence k se solidrfier, et 
choisir I'entr6e d'alimentation du m6tal de 
fagon qu'elle ait une aire de section telle 35 
qu'avec factionnement du piston, le metal 
fondu (26) sort introdutt dans ladite 
empreinte (24) k une vitesse d'environ 

12,2 m (40 pieds) k environ 45,7 m (150 ( ) 

pieds) par seconde pendant retape de 40 

remplissage de I'empreinte et telle que le 

metal fondu (26) s'6coule k travers ladite 

entree d'alimentation pendant retape 

d'accroissement de la pression. 

45 

2. Procede selon la revendication 1, caract6ris6 par 
retape de trartement thermique de la piece coulee 
metallique pour ameiiorer les proprietes mecani- 
ques de la piece coulee. 

so 

3. Procede selon la revendication 1 , caracterise en ce 
que I'appareil de coulee sous pression (10) est une 
machine de coulee sous pression verticale. 

4. Procede selon la revendication 1, dans lequel ss 
Tentree d'alimentation est dimensionnee de 
maniere k avoir une aire de section transversale de 
moins d'environ 1,29 cm 2 (environ 0,2 pouce 



10 



EP 0 605 660 B1 




FIG. 1 



11 



EP 0 605 660 B1 




FIG. 2 



12 



EP 0 605 660 B1 




JFIG. 3 



13 



EP 0 605 660 B1 




EP 0 605 660 B1 




15 




DEPATIS 



This Page is inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



BEST AVAILABLE IMAGES 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




LINES OR MARKS ON ORIGINAL DOCUMENT 



□ REFERENCED) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



